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'  ^A  study  to  compare  the  performance  properties  of  weathered 
built-up  membranes  which  had  and  had  not  been  subjected  to  an 
application  of  *resaturant"-type  coatings  has  been  conducted. 

The  membrane  samples  (asphaltic  and  coal-tar  pitch),  which  were 
taken  from  roofs  of  buildings,  ranged  in  age  from  14  to  26  years, 
Sections  of  these  roofs  had  been  treated  with  one  of  three 

proprietary  *resaturant"-type  coatings.  The  age  of  coatings 
ranged  from  12  to  29  months.  The  membrane  samples  removed  from 
the  roofs  were  visually  examined  in  the  laboratory  to  determine 
their  general  condition,  the  extent  of  adhesion  between  plies  of 
felts,  the  nunber  of  plies,  and  the  thicknesses  of  the  interply 
bitumen.  The  visual  examination  indicated  that  damage  to  some 
areas  of  the  top  ply  of  felt  of  most  of  the  coated  coal-tar  pitch 
membrane  samples  had  occurred.  The  damage  was  attributed,  in 
part,  to  removal  of  the  aggregate  surfacing  prior  to  "resaturant"- 
coating  application.  Membrane  properties  measured  in  the  labora¬ 
tory  for  undamaged  test  specimens  were  tensile  strength,  load- 
strain  modulus,  flexural  strength,  maximum  deflection  (flexure), 
coefficient  of  linear  thermal  expansion,  and  thermal  shock  factor. 
The  results  are  applicable  only  to  the  membranes  tested  since  the 
number  of  membranes  samples  and  coatings  included  in  the  study 
were  limited.  Comparisons  of  the  average  values  of  the  properties 
for  uncoated  and  comparable  coated  specimens  in  general  showed  no 
significant  statistical  differences.  In  addition,  no  consistent 
trends  were  found  as  to  whether  or  not  the  average  values  of  the 
measured  properties  of  the  coated  specimens  were  higher  or  lower 
than  those  of  comoarable  uncoated  specimens. 
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1 .  INTRODUCTION 


The  majority  of  the  low-sloped  roofs  of  industrial  and  commercial  buildings  in 
the  United  States  are  waterproofed  with  bituminous  built-up  roofing  membranes. 
Experience  has  shown  that  in  many  cases  a  built-up  roofing  membrane  can  have  a 
service  life  of  20  years  or  more.  However,  in  other  cases,  its  service  life  is 
much  shorter  than  anticipated.  For  example,  from  the  results  of  a  survey  on 
the  durability  of  built-up  membranes  fabricated  with  organic  or  asbestos  felts. 
Cash  (1980)  indicated  that  a  roofing  membrane  has  no  greater  than  a  50  percent 
probability  of  lasting  20  years.  The  number  of  early  roofing  failures,  result¬ 
ing  in  costly  repairs  or  replacement  of  built-up  membranes,  has  lead  to  efforts 
to  prolong  membrane  service  life.  One  method  has  been  the  application  of  a 
type  of  roof  coating  commonly  referred  to  as  a  "resaturant". 

"Resaturants"  have  been  described  by  Karolefski  (1980)  as  asphalt  or  coal-tar 
pitch  materials  that  are  formulated  with  oils  designed  to  penetrate  the  bitumen 
to  which  they  are  applied  to  restore  flexibility  and  performance.  Bynoe  (1980) 
prefers  the  description,  "relmpregnatlng  coatings,”  instead  of  "resaturants". 

He  has  enumerated  the  Intended  uses  of  the  coatings  as  follows:  (1)  to  fill 
fractures  and  voids  in  weathered  flood  coats  to  prevent  water  access  to  organic 
felts;  (2)  to  penetrate  as  far  as  possible  into  organic  felts  to  fill  voids 
more  completely  and  provide  against  water  Infiltration;  and  (3)  to  rejuvenate 
weathered  asphalts  by  lowering  their  softening  points  and  raising  their  pene¬ 
tration  indices,  so  that  they  can  perform  more  like  they  did  when  first  applied. 
Karolefski  (1980)  pointed  out  that  the  effectiveness  of  "resaturant”-type 
coatings  for  revitalizing  weathered  roofing  membranes  is  a  controversial  subject 
and  unresolved  issue.  He  indicated  that  although  accepted  by  many  individuals 
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in  the  roofing  industry,  there  exists  a  lack  of  unbiased,  scientific  evidence 
supporting  the  coatings.  Viewpoints  on  the  effectiveness  of  ’'resaturant"-type 
coatings  applied  to  weathered  built-up  membranes  have  been  presented  by  Williams 
(1982)  and  Bynoe  (1982).  Research  results  on  the  effect  of  "resaturant'*-type 
coatings  on  the  performance  properties  of  weathered  built-up  membranes  have  not 
been  reported. 

Bynoe  (1980,  1982)  has  reported  the  results  of  laboratory  tests  on  the  effect 
of  the  coatings  in  lowering  the  softening  points  and  raising  the  penetration 
Indices  of  heat  aged  bitumens.  He  also  described  a  radioactive-tracer  experi¬ 
ment  in  which  the  penetration  of  “resaturant”-type  coatings  through  the  felts 
of  15-year-old  4-ply  coal-tar  pitch  and  asphalt  built-up  membranes  was  investi¬ 
gated.  The  experiment  indicated  that  the  percent  distribution  of  radioactivity 
in  the  membrane  was  about  as  follows:  40-50  percent  in  the  flood  coat,  20-25 
percent  in  the  top  ply  of  felt,  4-8  percent  in  the  second  ply  of  felt,  0.5-4 
percent  in  the  third  ply,  and  0.2-2  percent  in  the  bottom  ply  of  felt. 

2.  OBJECTIVE  AND  SCOPE 

The  objective  of  the  investigation  was  to  compare  some  performance  properties 
of  bituminous  built-up  roofing  membranes  which  had  and  had  not  been  subjected 
to  "re8aturant"-type  coatings.  Weathered  samples  of  uncoated  and  comparable 
coated  membranes  having  aggregate  surfacing  were  removed  from  the  roofs  of 
buildings  located  at  a  U.S.  Government  installation  in  Kentucky.  The  roofs 
from  which  the  samples  were  taken  were  exposed  to  essentially  the  same  weather 
conditions.  The  membrane  samples  were  visually  examined  in  the  laboratory  to 
determine  their  general  condition,  the  extent  of  adhesion  between  plies  of 
felts,  the  number  of  plies,  and  the  thicknesses  of  the  interply  bitumen. 


Laboratory  tests  were  conducted  to  determine  values  of  membrane  performance 
properties  including  tensile  strength,  load-strain  modulus,  flexural  strength, 
maximum  deflection  (in  flexure),  the  coefficient  of  linear  thermal  expansion, 
and  the  thermal  shock  factor.  The  results  of  the  laboratory  tests  for  the 
uncoated  and  comparable  coated  membrane  samples  were  compared  using  statistical 
and  graphical  analyses  to  determine  whether  significant  differences  existed 
between  the  properties  of  the  uncoated  and  coated  samples.  Bitumen  properties 
such  as  softening  point  and  penetration  for  the  uncoated  and  coated  samples 
were  not  measured,  since  such  properties  have  not  been  included  as  membrane 
performance  properties  (Hathey  and  Cullen,  1974;  Building  Research  Advisory 
Board,  1964). 

3 .  MEMBRANE  SAMPLES 

Four  groups  of  built-up  roofing  membrane  samples  were  Included  in  the  study 
(table  1).  Each  group  of  samples  contained  comparable  membranes  that  had  and 
had  not  been  coated  with  a  "resaturant” ,  thus,  allowing  a  direct  comparison  of 
the  properties  of  uncoated  and  coated  samples.  One  group  of  samples  was  from 
a  building  having  an  asphalt  built-up  membrane.  The  coated  specimens  from  this 
building  had  received  an  asphaltic  "resaturant"  coating.  The  other  three 
groups  of  samples  were  removed  from  roofs  having  coal-tar  pitch  membranes.  In 
these  cases  mie  of  two  coal-tar  pitch  "resaturant"  coatings  had  been  applied. 
Before  application  of  the  coatings,  most  of  the  aggregate  surfacing  (estimated 
70-90  percent)  had  been  removed  by  either  hand  or  power  brooming.  For  each 
sample  group,  the  type  of  membrane,  method  of  its  application  and  age  were 
the  same.  The  three  "resaturant"-type  coatings  included  in  the  study  were 
proprietary  and  had  been  applied  to  the  roofs  12  to  29  months  before  this  study 


was  conducted.  The  composition  of  the  '’resaturant"-type  coatings  was  not 
known. 

Twenty  roofing  membrane  samples,  0.6  x  1.2  m  (2  x  4  ft),  were  taken  from  ten 
different  sections  of  roofs  (table  1)  representing  five  buildings.  Table  1 
gives  the  roof  groups  having  comparable  samples,  the  type  of  bitumen  in  the 
membrane,  the  age  of  the  membrane,  and  the  age  of  the  coating  on  the  membrane. 
From  this  table  it  is  seen  that  roof  groups  I,  III,  and  IV  contained  two 
uncoated  and  two  coated  samples.  Five  of  the  eight  samples  in  roof  group  II 
were  coated.  The  information  in  table  1  and  other  information  pertaining  to 
the  roofs  and  the  application  of  the  coatings  were  provided  by  personnel  at  the 
facility  where  the  samples  were  taken. 

The  membrane  samples  were  taken  from  well-drained  areas  of  the  roofs  where  the 
membranes  appeared  to  be  in  good  condition.  In  most  cases,  the  long  dimension 
of  the  samples  was  perpendicular  to  the  direction  of  felts  vs  applied. 

4 .  LABORATORY  OBSERVATIONS 

Prior  to  examination  of  the  membrane  samples  in  the  laboratory,  the  aggregate 
surfacings  were  removed  carefully  to  avoid  damage  to  the  membrane.  It  was 
noted  that  the  aggregate  surfacings  on  the  coated  specimens  were  adhered 
strongly  to  the  top  of  the  membrane.  A  strip,  0.15  x  1.0  m  (6  x  40  in.),  from 
each  membrane  sample  was  cooled  to  -40°C  (-40°F)  and  delaminated  to  observe  the 
number  of  plies,  lap  spacing,  adhesion  between  plies,  and  bitumen  interply 
thickness.  The  strips  were  flexed  manually  at  room  temperature  prior  to  dela¬ 
mination  and  subjectively  judged  as  pliable  or  brittle.  The  general  condition 
of  the  samples  was  observed  at  room  temperature  prior  to  removal  of  the  strip 


for  delamination.  These  observations  are  reported  in  table  2.  The  membrane 
condition  was  considered  to  be  good,  if  typical  defects  such  as  splits, 
blisters,  surface  deterioration,  and  damage  to  felts  (tears)  were  not  observed, 
or  were  seen  but  limited  to  a  relatively  small  area  (estimated  less  than  5 
percent)  of  the  sample.  The  membrane  samples  contained  asphalt  or  coal-tar 
pitch  organic  felts  which  appeared  to  be  similar  to  the  type  commonly  called 
"No.  15  asphalt  felt.” 

The  membrane  samples  from  roof  group  I  were  from  a  building  with  a  plywood  roof 
deck.  These  membranes  contained  four  plies  (table  2).  Two  plies  were  nailed 
to  the  deck  and  two  plies  were  applied  in  shingle  fashion  with  hot  asphalt. 

These  samples  were  observed  to  be  in  good  condition  and  judged  to  be  pliable 
at  room  temperature.  It  was  visually  estimated  that  they  contained  a  normal 
thickness  of  interply  asphalt  and  had  good  adhesion  between  plies. 

The  coal-tar  pitch  membrane  samples,  roof  groups  II,  III,  and  IV,  had  in  general 
four  plies  applied  in  shingle  fashion  (table  2).  Seven  of  the  16  samples  were 
observed  to  contain  some  areas  where  the  top  ply  of  felt  was  damaged  (tears  or 
areas  of  missing  felt).  Nevertheless,  these  seven  membrane  samples  had  adequate 
undamaged  sections  from  which  test  specimens  were  prepared  for  conducting 
laboratory  tests.  The  coal-tar  pitch  samples  were  considered  brittle  at  room 
temperature.  All  of  the  seven  samples  described  as  having  damage  of  the  top 
ply  of  felt  were  coated.  Some  of  the  damage  was  attributed  to  removal  of  the 
aggregate  surfacing  from  the  roofing  by  hand  or  power  brooming  prior  to  appli¬ 
cation  of  the  coating.  Two  of  the  nine  uncoated  coal-tar  pitch  samples,  which 
were  described  as  being  in  good  condition,  showed  some  damage  to  relatively 
small  area  (estimat'  less  than  5  percent)  of  the  top  ply  of  felt. 


Delamination  of  the  membrane  strips  removed  from  the  coal-tar  pitch  samples 
indicated  that  adhesion  between  the  plies  was  generally  good  (table  2).  The 
thickness  of  the  coal-tar  pitch  between  plies  for  many  samples  was  visually 
estimated  to  be  thinner  than  normal.  The  delaminated  strips  from  sample  nos.  5, 
6,  7,  and  19  showed  evidence  of  minor  deterioration  of  the  top  ply  of  felt. 

One  or  two  small  voids  in  the  interply  bitumen  layers  were  observed  in  the  case 
of  sample  nos.  5,  6,  9,  17,  and  19.  These  voids  generally  occurred  between  the 
bottom  ply  and  second  ply  from  the  bottom.  Sample  no.  8  had  a  small  patch  over 
a  split  in  the  membrane.  The  delaminated  strip  cut  from  sample  no.  6  had  an 
additional  ply  of  felt  over  the  four  shingled  plies.  This  additional  ply  was 
not  present  over  the  entire  surface  of  the  sample  removed  from  the  roof. 

5 .  LABORATORY  TESTS 

Laboratory  tests  were  conducted  to  determine  some  performance  properties  of  the 
uncoated  and  coated  membrane  samples  including  tensile  strength,  load-strain 
modulus,  flexural  strength,  maximum  deflection  from  flexural  tests,  and  the 
coefficient  of  linear  thermal  expansion.  The  tests  to  determine  these  proper¬ 
ties  have  been  described  in  the  National  Bureau  of  Standards  report  on 
preliminary  performance  criteria  for  bituminous  membrane  roofing  (Mathey  and 
Cullen,  1974). 

In  comparing  performance  properties  of  the  uncoated  and  comparable  coated 
membrane  samples,  it  was  intended  to  include  all  mechanical  property  tests 
given  in  this  earlier  National  Bureau  of  Standards  report.  However,  prelimi¬ 
nary  laboratory  testing  indicated  that  tension  fatigue  and  punching  shear  tests 
were  not  suitable  for  the  weathered  coal-tar  pitch  membrane  specimens.  For 
example,  the  brittle  membrane  specimens  delaminated  after  relatively  few  cycles 


In  the  tension  fatigue  test.  These  brittle  membrane  specimens  attached  to 
fibrous  glass  insulation  substrates  underwent  large  deflections  without  indent¬ 
ation  or  puncturing  under  relatively  high  load  in  the  punching  shear  test.  On 
this  basis,  it  was  decided  not  to  conduct  the  fatigue,  punching  shear,  and 
impact  tests. 

Test  specimens  were  selected  and  cut  from  areas  of  uncoated  and  coated  membrane 
samples  that  were  in  good  condition.  The  asphalt  membrane  test  specimens, 
roof  group  I,  contained  three  plies  and  the  coal-tar  pitch  test  specimens, 
roof  groups  II,  III,  and  IV,  contained  four  plies. 

The  tensile  and  flexural  tests  were  conducted  at  23  and  -18°C  (73  and  0°F) 
using  specimens  having  the  transverse  (cross-machine  as  manufactured)  direction 
of  the  membrane  felts  oriented  along  the  longitudinal  axis  of  the  test  speci¬ 
mens.  The  test  specimen  geometry  is  given  in  ASTM  Standard  D  2523.  The  same 
type  of  specimen  was  used  in  tests  for  determining  the  coefficient  of  linear 
thermal  expansion  over  temperature  ranges  of  -1  to  -18°C  (30  to  0°F)  and  -18 
to  -34°C  (0  to  -30°F). 

For  all  tests,  three  specimens  were  generally  tested  at  each  temperature  or 
temperature  range.  During  the  tensile  tests,  the  rate  of  load  was  2  mm/min 
(0.08  in. /min).  For  the  flexural  tests  the  specimens  were  tested  over  a  span 
of  178  mm  (7  in.)  and  the  rate  of  load  was  10  mm/min  (0.4  in. /min). 

Using  the  results  of  the  laboratory  tests  the  thermal  shock  factor  (TSF)  was 
calculated  (Mathey  and  Cullen,  1974)  from  the  expression: 

TSF  -  _JL 
Mcx 
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(1) 


P  is  the  tensile  strength  at  -18°C  (0°F), 

M  is  the  load-strain  modulus  at  -18°C  (0°F),  and 

a  is  the  coefficient  of  linear  thermal  expansion  for  the  temperature 
range  -18  to  -34°C  (0  to  -30° F). 

6.  TEST  RESULTS  AND  STATISTICAL  ANALYSIS 
6.1  General  Considerations 

The  results  of  the  individual  tests  for  uncoated  and  coated  specimens  for  each 
of  the  four  roof  groups  and  for  each  of  the  membrane  properties  at  the  two 
test  temperatures  are  plotted  in  figures  1  to  5.  Figure  6  gives  calculated 
values  of  the  thermal  shock  factor  for  individual  uncoated  and  coated  specimens 

Tables  3-8  present  a  summary  of  the  statistical  analysis  of  test  results  of 
membrane  properties  for  the  four  roof  groups.  The  number  of  uncoated  and 
coated  specimens  and  the  average  property  value  for  the  uncoated  and  coated 
specimens  are  given  for  each  roof  group  for  the  two  test  temperatures. 

The  average  values  of  each  membrane  property  for  the  uncoated  and  coated 
specimens  for  each  roof  group  at  the  two  test  temperatures  were  compared  sta¬ 
tistically  using  the  t-test  at  the  0.05  significance  level  (see,  for  example, 
Natrella,  1966).  The  last  three  columns  in  tables  3-8  give  the  summary  of  the 
statistical  analyses.  The  pooled  standard  deviation  applies  to  all  specimens 
(uncoated  and  coated)  within  a  roof  group  for  a  given  temperature.  The 
significance  column  notes  whether  or  not  there  is  a  statistically  significant 
difference  between  average  values  of  uncoated  and  coated  specimens  within  a 
group  for  a  given  temperature.  The  change  in  property  column  indicates  whether 


the  average  property  value  of  the  coated  specimens  was  greater  (+)  or  less  (-) 
than  that  of  the  uncoated  specimens. 

6.2  Tensile  Strength 

For  each  roof  group  for  the  two  temperatures,  values  of  tensile  strength  of 
individual  uncoated  and  coated  specimens  (figure  1)  were,  in  general,  in  the 
same  range.  The  scatter  in  the  points  was  greatest  for  roof  group  IV  at  -18°C 
(0°F).  For  each  comparable  roof  group,  the  average  tensile  strengths  were 
greater  at  -18°C  (0°F)  than  at  23°C  (73°F).  The  average  tensile  strengths  of 
the  asphalt  specimens  (roof  group  I)  were  less  than  the  coal-tar  pitch  speci¬ 
mens  (roof  group  II,  III,  and  IV)  for  both  temperatures.  This  was  attributed 
in  part  to  the  asphalt  specimens  having  3  plies  of  felt  and  the  coal-tar  pitch 
specimens  containing  A  plies. 

In  all  cases  there  were  no  significant  differences  between  the  average  tensile 
strengths  of  the  uncoated  and  coated  specimens  for  the  four  roof  groups  at  the 
two  temperatures  (table  3).  Also,  there  was  no  consistent  trend  in  whether  or 
not  the  average  values  of  tensile  strength  of  the  coated  specimens  were  higher 
or  lower  than  those  for  comparable  uncoated  specimens. 

6 .3  Load-Strain  Modulus 

Figure  2  presents  values  of  load-strain  modulus  for  individual  membrane 
specimens,  with  five  points,  as  indicated  by  the  arrows  at  the  top  of  the  -18°C 
(0°F)  plot,  falling  beyond  the  upper  limit  of  the  plot.  The  load-strain  modulus 
was  in  general  greater  at  the  colder  temperature  for  comparable  roof  groups. 

The  scatter  in  the  results  was  considerably  greater  for  roof  groups  II  and  IV 
at  -18°C  (0°F)  than  for  the  other  roof  groups  at  both  temperatures. 


The  average  load-strain  modulus  of  the  asphalt  membrane  specimens  (roof  group 
I)  was  less  than  that  of  the  coal-tar  pitch  membrane  specimens  (roof  groups  II, 
III,  and  IV)  at  both  temperatures.  This  result  was  consistent  with  the  labora¬ 
tory  observation  that  the  asphalt  samples  were  judged  to  be  pliable  and  the 
coal-tar  pitch  samples  were  judged  to  be  brittle  at  room  temperature  (table  2). 
As  given  in  table  4  the  average  values  of  the  load-strain  modulus  of  the 
uncoated  and  comparable  coated  specimens  were  not  significantly  different.  In 
the  case  of  the  coal-tar  pitch  specimens  (roof  groups  II,  III,  and  IV),  average 
values  of  the  coated  specimens  were  lower  than  those  of  the  uncoated  specimens 
at  23°C  (73°F)  and  were  higher  at  -18°C  (0°F).  Conversely,  for  the  asphalt 
specimens  at  -18°C  (0°F)  the  coated  specimens  had  a  lower  average  value  of  load- 
strain  modulus  than  the  uncoated  specimens.  At  23°C  (73°F)  the  average  values 
were  the  same. 

6.4  Flexural  Strength 

Flexural  strength  results  for  individual  membrane  samples  are  given  in  figure  3 
The  scatter  is  the  greatest  for  the  specimens  in  roof  groups  II  and  IV  at  23°C 
(73°F).  In  comparing  the  flexural  strengths  at  23°C  (73°F)  and  -18°C  (0°F), 
the  average  values  were  higher  for  the  asphalt  specimens  (roof  group  I)  at  the 
lower  temperature,  whereas  those  for  coal-tar  pitch  specimens  (roof  groups  II, 
III,  and  IV)  were  lower  at  this  temperature  (table  5). 


There  was  a  significant  difference  between  the  average  flexural  strength  values 
of  the  uncoated  and  coated  asphalt  specimens  at  the  two  temperatures.  In  both 
cases,  average  values  of  the  coated  specimens  were  less  than  those  for  the 
uncoated  specimens.  For  the  coal-tar  pitch  specimens,  only  one  of  the  six 
comparisons  indicated  a  significant  difference  in  flexural  strength.  There 


was  no  trend  as  to  whether  the  coated  coal-tar  pitch  specimens  had  higher  or 


lower  average  values. 

6.5  Maximum  Deflection 

The  values  of  maximum  deflection  (deflection  at  maximum  flexural  load)  for 
individual  specimens  were  obtained  from  the  flexural  strength  tests  and  are 
presented  in  figure  4.  The  average  values  of  maximum  deflection  (table  6) 
were  lower  at  -18°C  (0°F)  than  those  at  23°C  (73°F)  for  each  of  the  four  roof 
groups.  It  is  noted  that  the  average  values  of  the  flexural  strength  (table 

5)  of  the  coal-tar  pitch  specimens  (roof  groups  II,  III,  and  IV)  were  lower  at 
-18°C  (0°F)  than  those  at  23°C  (73°F).  However,  in  the  case  of  the  asphalt 
specimens,  the  average  values  of  flexural  strength  were  higher  at  the  lower 
temperature  than  those  at  23°C  (73°F). 

For  both  temperatures,  the  average  values  of  maximum  deflection  for  the  coated 
asphalt  specimens  were  less  than  those  of  the  uncoated  asphalt  specimens  (table 

6) .  These  differences  were  statistically  significant.  However,  no  significant 
differences  were  found  between  the  average  values  of  uncoated  and  coated  coal- 
tar  pitch  specimens  at  either  temperature.  The  average  values  of  maximum 
deflection  of  the  coated  coal-tar  pitch  specimens  were  higher  than  that  of  the 
uncoated  specimens  in  5  of  the  6  cases  compared. 

6.6  Coefficient  of  Linear  Thermal  Expansion 

Values  of  the  coefficient  of  linear  thermal  expansion  for  individual  specimens 
are  plotted  in  figure  5  and  average  values  for  the  uncoated  and  coated  specimens 
for  the  roof  groups  are  given  in  table  7.  The  scatter  is  greatest  for  the 
asphalt  specimens  tested  at  the  higher  temperature  range.  The  average  values 


for  the  asphalt  specimens  (roof  group  I)  tested  over  the  temperature  range  -18 
to  -34°C  (0  to  -30®F)  were  about  twice  those  determined  from  -1  to  -18°C  (30 
to  0°F).  The  temperature  test  range  had  little  effect  on  the  coal-tar  pitch 
values. 

In  comparing  the  average  values  of  the  coefficient  of  linear  thermal  expansion 
of  the  uncoated  and  coated  specimens  for  the  four  roof  groups  at  the  two  tem¬ 
perature  ranges,  little  or  no  difference  was  found  (table  7).  Only  in  the  case 
of  roof  group  II  at  the  lower  temperature  range  was  the  difference  in  average 
values  significant.  There  was  no  consistent  trend  in  whether  or  not  the  average 
values  of  the  coated  specimens  were  higher  or  lower  than  those  for  comparable 
uncoated  specimens. 

6.7  Thermal  Shock  Factor 

Figure  6  presents  values  of  thermal  shock  factor  for  individual  membrane 
specimens.  Values  were  higher  for  the  asphalt  specimens  than  for  the  coal-tar 
pitch  specimens.  The  average  values  for  the  uncoated  and  coated  specimens  for 
the  four  roof  groups  showed  no  significant  differences  (table  8).  No  trend 
was  found  as  to  whether  or  not  the  average  values  of  the  coated  specimens  were 
higher  or  lower  than  those  for  comparable  uncoated  specimens. 

7.  DISCUSSION 

Experience  has  shown  that  bituminous  built-up  membranes  embrittle  with  age  and 
show  changes  in  performance  properties  such  as  a  decrease  in  tensile  strength 
and  an  increase  in  load-strain  modulus  (Mathey  and  Rossiter,  1977).  "Resa- 
turant"-type  coatings  are  at  times  applied  in  attempts  to  restore  flexibility 
and  performance  and  to  revitalize  the  roof  (Karolefski,  1980).  As  previously 


indicated,  the  purpose  of  this  investigation  was  to  compare  performance 
properties  of  comparable  bituminous  built-up  membranes  that  had  and  had  not 
been  subjected  to  ”resaturant"-type  of  coatings.  If  these  types  of  coatings 
produce  changes  in  mechanical  properties  of  the  membrane  samples,  it  is  believed 
that  the  changes  should  be  measureable.  Three  ”resaturant"-type  coatings  were 
included  in  the  study.  Because  of  the  limited  number  of  membrane  samples  and 
coatings  in  the  study,  the  results  are  applicable  only  to  the  membranes  tested. 
The  results  indicated  that  in  the  majority  of  cases  comparing  some  mechanical 
properties  of  uncoated  and  comparable  coated  membrane  specimens,  statisti¬ 
cally  significant  differences  were  not  found.  In  addition,  no  trend  was  found 
as  to  whether  or  not  the  average  value  of  a  property  for  the  coated  specimens 
was  higher  or  lower  than  that  for  comparable  uncoated  specimens. 

Some  possibilities  may  be  considered  as  to  whether  the  value  of  a  particular 
performance  property  would  be  raised,  lowered,  or  unchanged  by  the  application 
of  a  "re8aturant"-type  of  coating.  For  example,  the  tensile  strength  of  a 
coated  organic  felt  membrane  might  be  expected  to  be  higher  than  that  of  an 
uncoated  membrane  assuming  that  protection  is  provided  against  water  penetration 
into  the  felts.  Tensile  strengths  of  organic  felt  membranes  may  be  significantly 
reduced  by  moisture  penetration  (Laaly,  1977).  In  contrast,  another  possibility 
is  that  the  tensile  strength  of  a  coated  aged  membrane  might  be  expected  to  be 
lower  than  that  of  a  comparable  uncoated  membrane  assuming  that  the  hardened 
bitumen  had  been  softened  by  application  of  a  coating.  Tensile  strengths  of 
membranes  embrittled  by  cold  temperatures  (-18°C  or  0°F)  are  higher  than  compar¬ 
able  membranes  tested  at  room  temperature  (Mathey  and  Cullen,  1974).  With 
regard  to  load-strain  modulus,  an  increase  in  this  property  generally  occurs 
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as  membranes  age  and  embrittle  (Mathey  and  Rossiter,  1977).  In  this  sense  the 
modulus  may  be  considered  a  measure  of  flexibility.  It  might  be  expected  that 
If  the  coated  membrane  had  Increased  flexibility.  It  would  have  a  lower  modulus 
than  the  comparable  uncoated  membrane.  The  results  of  this  study  showed  no 
statistically  significant  difference  between  the  tensile  strengths  and  load- 
strain  moduli  of  uncoated  and  comparable  coated  membrane  specimens. 

The  flexural  test  was  also  considered  to  be  a  measure  of  membrane  flexibility. 
The  flexural  strength  of  uncoated  and  coated  membranes  tested  In  the  transverse 
direction  may  not  be  expected  to  differ  appreciably.  It  has  been  reported  that 
new  flexible  built-up  bituminous  membranes  tested  In  the  transverse  direction 
at  23°C  (73°F)  had  generally  about  the  same  flexural  strengths  as  comparable 
membranes  stiffened  by  cooling  and  tested  at  -18°C  (0°F)  (Mathey  and  Cullen, 
1974).  On  the  other  hand  the  maximum  deflections  of  the  new  flexible  membranes 
were  greater  when  tested  in  the  transverse  direction  at  23°C  (73°F)  than  at 
-18°C  (0°F).  In  an  analogous  manner,  It  might  be  expected  that  If  the  coated 
membrane  had  increased  flexibility  compared  to  an  uncoated  membrane,  then  the 
coated  membrane  would  exhibit  greater  maximum  deflection.  In  the  present  study, 
only  two  of  the  eight  comparisons  of  maximum  deflection  showed  a  significant 
difference  In  this  property.  However,  in  the  two  cases  the  average  value  of 
maximum  deflection  was  less  for  the  coated  specimens  than  for  the  uncoated 
specimens.  It  is  noted  that  the  average  values  of  flexural  strength  were  also 
less  for  the  coated  than  for  the  uncoated  specimens. 

The  coefficient  of  linear  thermal  expansion  of  a  membrane  is  partly  dependent 
upon  the  coefficient  of  linear  thermal  expansion  of  the  bitumen  in  the  membrane. 
Bitumens  embrittle  with  aging  and  their  softening  points  increase.  It  has  been 


Indicated  that  lower  softening  point  asphalts  have  a  lower  coefficient  of  linear 
thermal  expansion  in  the  temperature  range  of  -18  to  -34°C  (0  to  30°F)  than 
asphalts  having  a  higher  softening  point  (Bynoe,  1980).  If  this  is  the  case, 
then  membranes  with  lower  softening  point  asphalts  would  have  lower  coefficients 
of  linear  thermal  expansion  than  membranes  with  higher  softening  point  asphalts. 
It  might  be  expected  that  if  the  asphalt  in  a  membrane  has  its  softening  point 
lowered  because  of  a  coating  application,  then  the  coefficient  of  linear  thermal 
expansion  of  the  membrane  would  be  lowered.  The  results  of  this  study  showed 
no  significant  differences  in  the  average  values  of  coefficient  of  linear  ther¬ 
mal  expansion  for  uncoated  and  comparable  coated  asphalt  membrane  specimens  and 
for  five  of  the  six  comparisons  of  the  uncoated  and  coated  coal-tar  pitch 
specimens  (table  7). 

The  thermal  shock  factor  is  calculated  (equation  1)  from  the  tensile  strength, 
load-strain  modulus,  and  coefficient  of  linear  thermal  expansion.  As  discussed 
above,  one  possibility  might  be  that  coated  specimens  might  have  higher  tensile 
strength  and  lower  load-strain  modulus  and  coefficient  of  linear  thermal  expan¬ 
sion.  If  this  were  the  case,  then  coated  specimens  would  have  a  higher  thermal 
shock  factor  than  uncoated  specimens.  In  contrast,  if  coated  specimens  had  lower 
tensile  strength,  load-strain  modulus,  and  coefficient  of  thermal  expansion  than 
uncoated  specimens,  the  thermal  shock  factor  might  be  raised,  lowered,  or 
unchanged  by  the  coating  application.  It  was  found  that  there  was  no  signifi¬ 
cant  difference  between  average  values  of  thermal  shock  factor  for  uncoated 
and  comparable  coated  membrane  specimens. 


8.  SUMMARY  AND  CONCLUSIONS 


This  study  compared  some  performance  properties  of  weathered  bituminous  built-up 
roofing  membranes  which  had  and  had  not  been  treated  with  one  of  three  proprie¬ 
tary  "resaturant”-type  coatings.  Membrane  samples  removed  from  roofs  of  build¬ 
ings  were  examined  in  the  laboratory  to  observe  their  condition.  The  membrane 
performance  properties  determined  for  the  uncoated  and  coated  specimens  were 
tensile  strength,  load-strain  modulus,  flexural  strength,  maximum  deflection 
(flexure),  coefficient  of  linear  thermal  expansion,  and  thermal  shock  factor. 

The  average  values  of  these  properties  for  the  uncoated  and  comparable  coated 
membrane  specimens  were  compared  statistically.  Possible  changes  in  membrane 
property  values  which  might  be  expected  due  to  application  of  a  "resaturant”- 
type  coating  were  discussed. 

From  the  laboratory  examination  of  the  condition  of  membrane  samples  it  was 
found  that  damage  to  some  areas  of  the  top  ply  of  felt  of  most  of  the  coated 
coal-tar  pitch  membrane  samples  had  occurred.  This  damage  was  attributed,  in 
part,  to  the  removal  of  the  aggregate  surfacing  prior  to  application  of  the 
”resaturant''-type  coating.  The  results  of  the  laboratory  tests  were  applicable 
only  to  the  membranes  tested  since  the  number  of  membrane  samples  and  coatings 
included  in  the  study  were  limited.  From  the  results,  it  was  concluded  that 
in  general  no  statistically  significant  difference  (0.05  significance  level)  in 
average  values  of  the  measured  membrane  performance  properties  existed  between 
uncoated  and  comparable  coated  specimens. 
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Table  1.  Roofing  Meabrane  Saaplea 


Meabrane 

Saaple 

Number 

Roof 

Group 

Building 

Section 

Dealgnatlon 

Type 

of 

Bltusen 

Age  of 
Meabrane 
years 

Applll 

Coatii 

1 

X 

A 

Asphalt 

14 

No 

2 

A 

Asphalt 

14 

No 

3 

B 

Asphalt 

14 

Tea 

4 

B 

Asphalt 

14 

Yea 

5 

II 

C 

Coal-tar  pitch 

26 

No 

6 

C 

Coal-tar  pitch 

26 

No 

7 

c 

Coal-tar  pitch 

26 

No 

8 

D 

Coal-tar  pitch 

26 

Tea 

9 

E 

Coal-tar  pitch 

26 

Tea 

10 

E 

Coal-tar  pitch 

26 

Tea 

11 

F 

Coal-tar  pitch 

26 

Tea 

12 

F 

Coal-tar  pitch 

26 

Yea 

13 

III 

G 

Coal-tar  pitch 

19 

No 

14 

G 

Coal-tar  pitch 

19 

No 

15 

H 

Coal-tar  pitch 

19 

Tea 

16 

H 

Coal-tar  pitch 

19 

Tea 

17 

IV 

I 

Coal-tar  pitch 

26 

No 

18 

I 

Coal-tar  pitch 

26 

No 

19 

J 

Coal-tar  pitch 

26 

Tea 

20 

J 

Coal-tar  pitch 

26 

Tea 

Age  of 
Coating 
aontha 


18 

18 


12 

16 

16 

24 

24 


24 

24 


29 

29 
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Table  2.  Viaual  Observations  of  Roofing  Saaples 


Membrane 

Sample 

Number 

Applied 

Costing 

Roof 

Group 

General 

Condition8 

Pliability1* 

Number  of 
Plies 

Adhesion 

Between 

Piles6 

Bitumen 

Interply 

Thickness6 

1 

No 

I 

Good 

Pliable 

4 

Good 

Normal 

2 

No 

Good 

Pliable 

4 

Good 

Normal 

3 

Yes 

Good 

Pliable 

4 

Good 

Normal 

4 

Yes 

Good 

Pliable 

4 

Good 

Normal 

5 

No 

11 

Good 

Brittle 

4 

Good 

Thin 

6 

No 

Good 

Brittle 

5a 

Good 

Thin 

7 

No 

Good 

Brittle 

4 

Good 

Thin 

8 

Yes 

Goode 

Brittle 

4e 

Fair 

Thin 

9 

Yes 

Damaged 

Brittle 

4 

Good 

Thin 

10 

Yes 

Damaged 

Brittle 

4 

Fair 

Thin 

11 

Yes 

Damaged 

Brittle 

4 

Good 

Normal 

12 

Yes 

Damaged 

Brittle 

4 

Fair 

Thin 

13 

No 

III 

Good 

Brittle 

4 

Good 

Normal 

14 

No 

Good 

Brittle 

4 

Good 

Thin 

15 

Yes 

Damaged 

Brittle 

4 

Good 

Normal 

16 

Yes 

Good 

Brittle 

4 

Good 

Normal 

17 

No 

IV 

Good 

Brittle 

4 

Good 

Thin 

18 

No 

Good 

Brittle 

4 

Good 

Normal 

19 

Yes 

Damaged 

Brittle 

4 

Good 

Thin 

20 

Yas 

Damaged 

Brittle 

4 

Good 

Thin 

■  The  general  condition  of  the  s staples  was  observed  at  room  temperature  prior  to 
delaalnatlon.  The  membrane  condition  was  considered  to  be  good  if  typical  defects 
were  not  observed,  or  were  seen  but  limited  to  a  relatively  small  area  of  the  aaaple. 

h  Membrane  strips  were  flexed  manually  at  room  temperature  and  subjectively  judged  as 
pliable  or  brittle. 

c  Observations  were  made  subjectively  from  a  delaminated  strip  cut  from  the  membrane 
sample. 

d  The  delaminated  strip  contained  a  ply  of  felt  over  4  shingled  piles. 

*  The  delaminated  strip  contained  a  small  patch  over  a  split  In  the  membrane. 
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No. 

of  Specimens8  Tensile  Strength*1 

Pooled .  Std 

Slgnlf .d 

Change  In 

Roof 

Test 

Uncoated 

Deviation0 

Property® 

Group 

Teop. 

Coated 

kN/m 

_ lbf/in. 

kN/m  lbf/in. 

1 

23*C 

6 

7.1 

40.5 

0.8  4.3 

No 

(-) 

(73*F) 

6 

6.2 

35.5 

•  _ 

II 

9 

18.6 

106.0 

2.9  16.4 

No 

(-) 

15 

17.3 

98.9 

III 

6 

14.8 

84.5 

1.2  7.0 

No 

(-) 

6 

14.6 

83.2 

IV 

6 

16.4 

93.5 

2.3  13.3 

No 

(+) 

6 

18.0 

103.0 

I 

-18*C 

6 

24.3 

139.0 

3.2  18.1 

No 

(-) 

.  v .  ? 

(  0*F) 

6 

21.4 

122.0 

■.  *.  J 

II 

9 

32.7 

187.0 

5.0  28.5 

No 

(+) 

•*  -i 

15 

36.8 

210.0 

III 

6 

34.9 

199.0 

6.0  34.1 

No 

(+) 

6 

35.7 

204.0 

IV 

6 

41.7 

238.0 

11.5  65.8 

No 

(-) 

.  ■  % 

6 

32.6 

186.0 

b me 

•  For 

each  roof  group,  the  upper  value  gives  the  number  of  uncoated 

specimens 

and  the 

lower  value  gives 

the  number 

of  coated 

specimens 

b  For  each  roof  group,  the  values  of  the  upper  and  lower  lines  are  the  average  values  of 
the  tensile  strengths  of  the  uncoatsd  and  coated  speclaens,  respectively. 

c  Pooled  Std.  Deviation  Indicates  the  residual  standard  deviation  of  the  average  tensile 
strengths  for  all  speclaens  tested  within  a  roof  group. 

d  Slgnlf.  means  significance  at  the  0.05  significance  level  and  pertains  to  whether  the 
results  of  the  t-test  Indicated  a  significant  difference  between  the  average  values  of 
the  uncoated  and  coated  speclaens. 

*  A  (♦)  sign  and  a  (-)  sign  Indicate  that  the  average  value  of  the  coated  specimens  was 
greater  than  or  less  than  that  of  the  uncoated  speclaens,  respectively. 
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So.  of  Specimens*  Load-Strain  Mod.'3  Pooled  Std.  Slgnlf Change  In 

Uncoated  lbf /In.  Deviation0  Propertye 

Coated  MN/*  x  104  MN75  lbf/ln. 


*  For  each  roof  group,  the  upper  value  give*  the  number  of  uncoated  apedmens  and  the 
lower  value  glvee  the  number  of  coated  apeclmena 

b  For  each  roof  group,  the  valuea  of  the  upper  and  lower  lines  are  the  average  values  of 
the  load-strain  moduli  of  the  uncoated  and  coated  specimens,  respectively. 

c  Pooled  Std.  Deviation  Indicates  the  residual  standard  deviation  of  the  average  load- 
strain  modulus  for  all  specimens  tested  within  a  roof  group. 

4  Slgnlf.  means  significance  at  the  0.05  significance  level  and  pertains  to  whether  the 
results  of  the  t-test  Indicated  a  significant  difference  between  the  average  values 
of  the  uncoated  and  coated  specimens. 

*  A  (+)  sign  and  a  (-)  sign  Indicate  that  the  average  value  of  the  coated  specimens  was 
greater  than  or  less  than  that  of  the  uncoated  specimens,  respectively. 


No ,  of  Specimens*  Flexural  Strength*1  Pooled  Std.  Slgnlf Change  In 
Roof  Teat  Uncoated  Deviation0  Property* 
Group  Temp.  Coated  kN/m  lbf/in.  kN/m  lbf/in. 


1 

-18*C 

6 

5.2 

29.8 

1.0 

5.7 

Yes 

(-) 

(  0*F) 

6 

3.9 

22.5 

11 

9 

3.4 

19.6 

0.6 

3.4 

No 

(-) 

15 

3.4 

19.3 

111 

6 

3.6 

20.3 

0.7 

3.9 

No 

(+) 

6 

3.9 

22.3 

IV 

6 

4.9 

27.7 

1.7 

9.5 

No 

(-) 

6 

4.5 

25.8 

a  For  each  roof  group,  the  upper  value  gives  the  number  of  uncoated  specimens  and  the 
lower  value  gives  the  number  of  coated  specimens 

b  For  each  roof  group,  the  values  of  the  upper  and  lower  lines  are  the  average  values  of 
the  flexural  strengths  of  the  uncoated  and  coated  specimens,  respectively. 

c  Pooled  Std.  Deviation  Indicates  the  residual  standard  deviation  of  the  average  flexural 
strength  for  all  specimens  tested  within  a  roof  group. 

d  Slgnlf.  means  significance  at  the  0.05  significance  level  and  pertains  to  whether  the 
results  of  the  t-teat  Indicated  a  significant  difference  between  the  average  values  of 
the  uncoated  and  coated  specimens. 

*  A  (+)  sign  and  a  (-)  sign  Indicate  that  the  average  value  of  the  coated  specimens  was 
greater  then  or  less  than  that  of  the  uncoated  specimens,  respectively. 


Table  6.  Statistical  Summary  of  the  Average  Maximum  Deflections  for  the 
Membrane  Specimens  as  Separated  Into  the  Four  Roof  Groups 


No.  of  Specimens* 

Maximum  Deflection^ 

Pooled 

Std. 

Slgnlf .d 

Change  In 

Roof 

Test 

Uncoated 

Deviation0 

Property* 

Group 

Temp. 

Coated 

mm 

In. 

mm 

In. 

I 

23*C 

6 

19.1 

0.75 

2.8 

0.11 

Yes 

(-) 

(73®F) 

5 

12.4 

0.49 

11 

8 

20.8 

0.82 

5.8 

0.23 

No 

(+) 

15 

24.4 

0.96 

III 

6 

29.0 

1.14 

3.6 

0.14 

No 

(+) 

6 

33.0 

1.30 

IV 

6 

28.2 

1.11 

4.3 

0.17 

No 

(-) 

6 

23.6 

0.93 

I 

-18°C 

6 

13.2 

0.52 

1.0 

0.04 

Yes 

(-) 

(  0*F) 

6 

11.7 

0.46 

II 

9 

4.6 

0.18 

1.0 

0.04 

No 

(+) 

15 

4.8 

0.19 

III 

6 

4.8 

0.19 

1.3 

0.05 

No 

(+/ 

6 

5.8 

0.23 

IV 

6 

4.3 

0.17 

1.3 

0.05 

No 

(+) 

6 

4.6 

0.18 

*  For  each  roof  group,  the  upper  value  gives  the  number  of  uncoated  specimens  and  the 
lower  value  give',  the  number  of  coated  specimens 

b  For  each  roof  group,  the  values  of  the  upper  and  lower  lines  are  the  average  values  of 
the  maximum  deflections  of  the  uncoated  and  coated  specimens,  respectively. 

c  Pooled  Std.  Deviation  Indicates  the  residual  standard  deviation  of  the  average  maximum 
deflection  for  all  specimens  tested  within  a  roof  group. 

d  Slgnlf.  means  significance  at  the  0.05  significance  level  and  pertains  to  whether  the 
results  of  the  t-test  Indicated  a  significant  difference  between  the  average  values  of 
the  uncoated  and  coated  specimens. 

e  A  (+)  sign  and  a  (-)  sign  Indicate  that  the  average  value  of  the  coated  specimens  was 
greater  than  or  leas  than  that  of  the  uncoated  specimens,  respectively. 


Table  7.  Statistical  Sunnary  of  the  Average  Coefficients  of  Unear  Thermal  Expansion 
for  the  Membrane  Specimens  as  Separated  Into  the  Four  Roof  Groupe 


Roof 

Group 

No. 

of  Specimens* 

CLTEb 

Pooled  Std. 
Deviation0 
•C-lxlO'6  4F-lxl0_b 

Slgnlf A 

Change  In 
Property* 

Test 

Temp. 

Uncoated 

Coated 

•C-lxlO-6 

*F-1xl0-6 

I  • 

-1  to  -18*C 

6 

26.6 

14.8 

20.0 

11.1 

No 

(+) 

(30  to  0*F) 

6 

28.6 

15.9 

11 

9 

49.0 

27.2 

5.8 

3.2 

No 

(+) 

15 

52.7 

29.3 

III 

6 

52.0 

28.9 

5.6 

3.1 

No 

(-) 

6 

51.8 

28.8 

IV 

6 

49.0 

27.2 

5.2 

2.9 

No 

(-) 

6 

48.4 

26.9 

I  -18  to  -34*C 

6 

53.5 

29.7 

12.1 

6.7 

No 

None 

(0  to  -30*F) 

6 

53.5 

29.7 

II 

9 

48.8 

27.1 

3.6 

2.0 

Tes 

(-) 

15 

45.0 

25.0 

III 

6 

49.7 

27.6 

5.4 

3.0 

No 

(+) 

6 

53.1 

29.5 

IV 

6 

46.8 

26.0 

7.6 

4.2 

No 

(+) 

6 

49.1 

27.3 

*  For  each  roof  group,  the  upper  value  gives  the  number  of  uncoated  specimens  and  the  lower  value 
gives  the  number  of  coated  specimens 

b  For  each  roof  group,  the  values  of  the  upper  and  lower  lines  are  the  average  values  of  the 
coefficients  of  linear  thermal  expansion  of  the  uncoated  and  coated  apedmens,  respectively. 

c  Pooled  Std.  Deviation  Indicates  the  residual  standard  deviation  of  the  average  coefficient  of 
linear  thermal  expanalon  for  all  specimens  tested  within  a  roof  group. 

4  Slgnlf.  means  significance  at  the  0.05  significance  level  and  pertains  to  whether  the  results 
of  the  t-test  Indicated  a  significant  difference  between  the  average  values  of  the  uncoated  and 
coated  apeclmena. 

*  A  (♦)  sign  and  a  (-)  sign  Indicate  that  the  average  value  of  the  coated  specimens  was  greater 
than  or  less  than  that  of  the  uncoatsd  specimens,  respectively. 


Table  8.  Statistical  Summary  of  the  Average  Thermal  Shock  Factors  for 
the  Membrane  Specimens  as  Separated  Into  the  Four  Roof  Groups 


No.  of  Specimens* 

TSF*»  Pooled  Std. 

Slgnlf .d  Change  In 

Roof 

Test 

Uncoatad 

Deviation0 

Property* 

Group 

Temp. 

Coated 

*C  *F  TC  *F~ 

1  -18*C 

6 

119 

214 

43.7 

78.7 

No 

(+) 

(0*F) 

6 

127 

229 

II 

9 

21.2 

38.2 

14.1 

25.4 

No 

(+> 

15 

28.3 

50.9 

III 

6 

33.4 

60.2 

7.4 

13.4 

No 

(-) 

6 

26.8 

48.3 

IV 

6 

23.3 

42.0 

13.0 

23.4 

No 

(-) 

6 

23.2 

41.7 

*  For  each  roof  group,  the  upper  value  gives  the  number  of  uncoated  specimens  and  the 
lower  value  gives  the  number  of  coated  specimens 

b  For  each  roof  group,  the  values  of  the  upper  and  lower  lines  are  the  average  values  of 
the  thermal  shock  factors  of  the  uncoated  and  coated  specimens,  respectively. 

c  Pooled  Std.  Deviation  Indicates  the  residual  standard  deviation  of  the  average  thermal 
shock  factor  for  all  specimens  tested  within  a  roof  group. 

d  Slgnlf.  means  significance  at  the  0.05  significance  level  and  pertains  to  whether  the 
results  of  the  t-test  Indicated  a  significant  difference  between  the  average  values  of 
the  uncoated  and  coated  specimens. 


A  (+)  sign  and  a  (-)  sign  Indicate  that  the  average  value  of  the  coated  specimens  was 
greater  than  or  less  than  that  of  the  uncoated  specimens,  respectively. 
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Figure  1.  Tensile  strengths  of  the  uncoated  and  coated  membrane  samples  tested 
at  23  and  -18°C  (73  and  0®F)  in  the  transverse  direction  of  the 
membrane  felt.  Data  are  presented  according  to  the  roof  groups  I, 
II,  III,  and  IV 
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Test  Temperature:  -18°C  (0°F) 
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Figure  2.  Load-strain  modulus  of  the  uncoated  and  coated  membrane  samples 
tested  at  23  and  -18#C  (73  and  0#F)  in  the  transverse  direction 
of  the  membrane  felt.  Data  are  presented  according  to  the  roof 
groups  I,  II,  III,  and  IV 
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Figure  3.  Flexural  strengths  of  the  uncoated  and  coated  membrane  samples 
tested  at  23  and  -18°C  (73  and  0°F)  in  the  transverse  direction 
of  the  membrane  felt.  Data  are  presented  according  to  the  roof 
groups  I,  II,  III,  and  IV 
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Figure  4.  Maximum  deflection  of  the  uncoated  and  coated  membrane  samples 
tested  at  23  and  -18°C  (73  and  0°F)  in  the  transverse  direction 
of  the  membrane  felt.  Data  are  presented  according  to  the  roof 
groups  I,  II,  III,  and  IV 
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_  .Temperature  Range:  *1  to  -18°C  (30  to  0°F) 
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6  Temperature  Range:  *18  to  -34°C  (0  to  -3Q°F) 
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Coefficients  of  linear  thermal  expansion  of  the  uncoated  and 
coated  membrane  samples  tested  at  23  and  -18°C  (73  and  0°F) 
in  the  transverse  direction  of  the  membrane  felt.  Data  are 
presented  according  to  the  roof  groups  I,  11,  III,  and  IV 
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DTNSRDC  Code  172  (M.  Krenzke).  Bethesda  MD 
DTNSRDC  Code  284  (A  Rufolo).  Annapolis  MD 


DTNSRDC  Code  4111  (R.  Gierich).  Bethesda  MD;  Code  42.  Bethesda  MD;  PWO 

FLDSUPPACT  SCE.  Washington  DC 

FLTCOMBATRACENLANT  Code  182.  Virginia  Bch  VA 

FLTCOMBATTRACENLANT  PWO,  Virginia  Bch  VA 

FMFLANT  CEC  Offr.  Norfolk  VA 

FOREST  SERVICE  Engr  Staff  Washington,  DC 

GIDEP  OIC.  Corona.  CA 

GOVT.  PRINT.  OFF.  Ziegler.  Alexandria,  VA 

GSA  Assist  Comm  Des  &  Cnst  (FAIA)  D  R  Dibner  Washington.  DC  :  Ch.  Spec.  Div. /Pub.  Bldg  Serv.,  POX. 
Washington  DC 

KWAJALEIN  MISRAN  BMDSC-RKL-C 

LIBRARY  OF  CONGRESS  Washington.  DC  (Sciences  &  Tech  Div) 

MARCORPS  AIR/GND  COMBAT  CTR  LT  M.  Perry.  Twentynine  Palms  CA;  PWO.  Twentvnine  Palms  CA 
MARINE  CORPS  BASE  Code  4.01  (Asst  Chief  Engr)  Camp  Pendleton.  CA;  Code  4<X>.  Camp  Lejeune.  NC;  M 
&  R  Division,  Camp  Lejeune  NC;  Maint  Off  Camp  Pendleton.  CA;  PWD  -  Maint.  Control  Div.  Camp 
Butler.  Kawasaki.  Japan;  PWO  Camp  Lejeune  NC;  PWO.  Camp  Pendleton  CA;  PWO.  Camp  S  D  Butler. 
Kawasaki  Japan 

MARINE  CORPS  HQS  Code  LFF-2,  Washington  DC 
MARITIME  ADMIN  (Poretz),  Washington,  DC 

MCAS  CG  (LE),  Cherry  Point  NC;  Code  44,  Cherry  Point  NC;  Facil.  Engr  Div.  Cherry  Point  NC;  CO. 
Kaneohe  Bay  HI;  Code  1JF  El  Toro.  Santa  Ana,  CA;  Code  S4.  Quantico  VA;  Fac  Offr.  Iwakuni  JA;  Facs 
Maint  Dept  -  Operations  Div.  Cherry  Point;  PW  Inspection  Branch.  El  Toro.  Santa  Ana  CA;  PWD  •  Engr 
Div  (Code  3JD)  Yuma.  AZ;  PWD  -  Maint.  Div,  Iwakuni.  Japan;  PWD  -  Utilities  Div.  Iwakuni.  Japan; 

PWD.  Dir.  Maint.  Control  Div..  Iwakuni  Japan;  PWO.  Iwakuni.  Japan;  PWO.  Yuma  AZ 
MCDEC  Base  Maint.  Ofr.  Ouantico,  VA;  M  &  L  Div  Quantico.  VA;  M&L  Div  Quantico  VA 
MCRD  SCE,  San  Diego  CA 

NAF  PWD  -  Engr  Div,  Atsugi,  Japan;  PWO.  Atsugi  Japan;  PWO.  Mount  Clemens  Ml 
NALF  OINC,  San  Diego.  CA 

NARF  Code  640.  Pensacola  FL;  Equipment  Engineering  Division  (Code  610(X)).  Pensacola.  FL;  SCE  Norfolk. 

VA 

NAS  Asst  PWO,  Glenview,  IL;  CO.  Code  70;  CO.  Guantanamo  Bay  Cuba;  Chief  of  Police.  Kingsville  TX; 

Code  114,  Alameda  CA;  Code  183  (Fac.  Plan  BR  MGR);  Code  183(H).  Lemoore  CA  93245;  Code  183P  (J 
Howald).  Corpus  Christi  TX;  Code  187(H).  Brunswick  ME;  Code  I8A,  Miramar.  San  Diego  CA;  Code  6234 
(G.  Trask),  Point  Mugu  CA;  Code  70.  Atlanta.  Marietta  GA;  Dir  of  Engrng.  PWD.  Corpus  Christi.  TX; 

Dir.  Maint.  Control  Div.,  Key  West  FL;  Dir.  Util.  Div..  Bermuda;  l.akehurst,  NJ;  Lead.  Chief.  Petlv  Offr 
PW/Self  Help  Div.  Beeville  TX:  OIC.  CBU  417,  Oak  Harbor  WA;  PW  (J.  Maguire).  Corpus  Christi  TX. 
PWD  -  Engr  Div  Dir,  Millington.  TN;  PWD  -  Engr  Div,  Gtmo.  Cuba:  PWD  -  Engr  Div.  Kingsville.  TX. 
PWD  -  Engr  Div.  Oak  Harbor.  WA:  PWD  -  Maint  &  Control  Div.  South  Weymouth.  MA:  PWD  -  Maint 
Control  Div.  Moffett  Field.  CA;  PWD  -  Maint.  Div.  Dir.,  Kingsville.  TX:  PWD  Maint  Coni.  Dir..  Fallon 
NV;  PWD  Maint.  Div..  New  Orleans,  Belle  Chasse  LA;  PWD.  Code  182IH  (Pfankuch)  Miramar.  SD  CA: 
PWD.  Maintenance  Control  Dir..  Bermuda;  PWD.  Willow  Grove  PA;  PWO  (Code  18.2).  Bermuda.  PWO 
Belle  Chasse.  LA:  PWO  Chase  Field  Beeville,  TX;  PWO  Jacksonville.  FL;  PWO  Key  West  FL:  PWO 
Lakehurst.  NJ:  PWO  Meridian.  MS:  PWO  Patuxent  River  MD;  PWO  Point  Mugu.  CA:  PWO  Sigonella 
Sicily;  PWO  Whidbey  Is.  Oak  Harbor  WA;  PWO.  Aux  Fallon.  NV:  PWO.  Cecil  Field  FL:  PWO.  Corpus 
Christi  TX:  PWO.  Dallas  TX;  PWO.  Glenview  IL:  PWO.  Kingsville  TX:  PWO,  Millington  TN;  PWO. 
Miramar.  San  Diego  CA;  PWO.  Oceana.  Virginia  Bch  VA;  PWO.  So.  Weymouth  MA;  PWO..  Moffett  Field 
CA;  SCE  Norfolk.  VA;  SCE  Pensacola.  FL:  SCE.  Agana  Guam;  SCE.  Alameda  CA.  SCE.  Barbers  Point 
HI;  SCE.  Cubi  Point.  R.P:  SCE.  Guantanamo  Bay  Cuba;  Security  Offr,  Alameda  C'A 
NASDC-WDC  T.  Fry.  Manassas  VA 

NATL  RESEARCH  COUNCIL  Naval  Studies  Board.  Washington  DC 
NATNAVMEDCEN  Code  47  Med  R&D  Cmd.  Bethesda  MD 
NAVACT  PWO.  London  UK 
NAVACTDET  PWO.  Holy  Lock  UK 
NAVADMINCOM  PWO  Code  50.  Orlando  FL 
NAVAEROSPREGMEDCEN  SCE.  Pensacola  FL 

NAVAIRDEVCEN  Code  813.  Warminster  PA;  OIC'ROICC.  Warminster  PA 
NAVAIRENGCEN  Code  18  (PWO)  Lakehusrt.  NJ 
NAVAIRPROPTESTCEN  CO.  Trenton.  NJ 
NAVAIRSYSCOM  Code  NAIR  4012.  Washington  DC 
NAVAUDSVCHO  Director.  Falls  Church  VA 

NAVAVIONICFAC  PW  Div  Indianapolis.  IN;  PWD  Deputy  Dir.  D/701.  Indianapolis.  IN 
NAVAVNWPNSFAC  Wpns  Offr.  St.  Mawgan.  England 
NAVCHAPGRU  Engineering  Officer.  Code  60  Williamsburg.  VA 

NAVCOASTSYSCEN  Code  423  Panama  City.  FL,  Code  715  (J  Quirk)  Panama  City.  FL;  Code  715  (J. 
Mittleman)  Panama  City.  FL;  Library  Panama  City.  FL;  PWO  Panama  City.  FL 


NAVCOMMAREAMSTRSTA  Code  W-60,  Elec  Engr.  Wahiawa.  HI.  PWO.  Norfolk  VA;  SCE  Unit  I  Naples 
Italy;  SCE,  Guam;  SCE.  Wahiawa  HI;  Sec  Offr.  Wahiawa.  HI 
NAVCOMMSTA  Code  41)1  Nea  Makri.  Greece;  Library.  Diego  Garcia  Island.  OICC.  Nea  Makri  Greece;  PWD 
-  Maint  Control  Div.  Diego  Garcia  Is.:  PWO  Nea  Makri.  Greece;  PWO.  Exmouth.  Australia:  SCE.  Balboa. 
CZ 

NAVCOMMU  PWD.  Maint.  Control  Dir..  Thurso.  Scotland 
NAVCOMMUNIT  Power  Plant  •  Cutler.  East  Machias.  ME 

NAVC'ONSTRACEN  CO.  Port  Hueneme  CA;  Co.  Gulfport  MS:  Curriculum  Insir  Stds  Ollr.  Gulfport  MS 
NAVDET  PWO.  Souda  Bay  Crete 

NAVEDTRAPRODEVCEN  SCE.  Pensacola  FL;  Technical  Library .  Pensacola.  FL 
NAVEDUTRACEN  Engr  Dept  (Code  42)  Newport.  Rl;  PWO  Newport  RI 
NAVELEXSYSCOM  Code  ELEX  10.4  NAVFACENCiCOORD.  Washington  IX 
NAVENVIRHLTHCEN  CO.  NAVSTA  Norfolk.  VA 
NAVEODTECHCEN  Code  605.  Indian  Head  MD 

NAVFAC  CO  (Code  N67).  Argentia  Newfoundland:  M  A:  O  Officer  Bermuda:  PWO  Pacific  Beach  WA;  PWO. 

Antigua;  PWO.  Centerville  Bch.  Ferndale  CA:  PWO.  Point  Sur.  Big  Sur  CA 
NAVFACENGCOM  Alexandria.  VA:  Code  04  Alexandria.  VA:  Code  041  (Essoglou)  Alexandria.  VA:  Code 
044  Alexandria.  VA:  Code  0442A  (Andersen)  Alexandria.  VA:  Code  1)454  (l>  Potter)  Alexandria.  VA: 

Code  046;  Code  0461D  (V  M  Spaulding)  Alexandria.  VA:  Code  04A1  Alexandria.  VA:  Code  04B4 
Alexandria.  VA;  Code  051A  Alexandria.  VA;  Code  09M54.  Tech  Lib.  Alexandria.  VA:  Code  100 
Alexandria.  VA;  Code  1002B  (J.  Leimanis,  Alexandria.  VA:  Code  1014  Alexandria.  VA:  Code  1114, 
Alexandria.  VA;  Code  46ID.  Alexandria.  VA:  OICC  Field  Office  Ponape.  EC1.  OICC  Field  Office  Ponape. 
ECI 

NAVFACENGCOM  -  CHES  DIV.  CO,  Washington  DC:  Code  101  Wash.  DC:  Code  40.4  Washington  DC:  Code 
405  Wash.  DC;  Code  406  Washington  DC;  Code  407  (D  Seheesele)  Washington.  DC:  Code  FPO-IC 
Washington  DC;  Contracts.  ROICC,  Annapolis  MD;  FPO-IEA5  Washington  DC:  Library.  Washington. 

D  C.;  Mr.  Gorman  Wash.  DC 

NAVFACENGCOM  -  LANT  DIV.  Code  404.  Norfolk.  VA:  Director  PR;  Eur.  BR  Deputv  Dir.  Naples  Italy; 
Library.  Norfolk.  VA;  RDT&ELO  I02A.  Norfolk.  VA 

NAVFACENGCOM  -  NORTH  DIV.  Asst.  Dir.,  Great  Lakes  1L:  CO:  Code  04  Philadelphia.  PA:  Code  09P 
Philadelphia  PA;  Code  1028.  RDT&ELO.  Philadelphia  PA;  Code  II.  Phila  PA:  Code  III  Philadelphia.  PA; 
Code  III  WFT  (Tayler).  Phila  PA;  Library.  Philadelphia.  PA:  ROICC.  Contracts.  Crane  IN 
NAVFACENGCOM  -  PAC  DIV  (Kyi)  Code  101,  Pearl  Harbor.  HI;  CODE  OOP  PEARL  HARBOR  HI;  Code 
2011  Pearl  Harbor.  HI;  Code  402.  RDT&E.  Pearl  Harbor  HI:  Commander.  Pearl  Harbor.  HI:  Library. 

Pearl  Harbor,  HI 

NAVFACENGCOM  -  SOUTH  DIV.  CO,  Charleston  SC:  Code  405  Charleston.  SC:  Code  406  Charleston.  SC; 
Code  411  Soil  Mech  &  Paving  BR  Charleston,  SC;  Code  90,  RDT&ELO.  Charleston  SC:  Library. 

Charleston.  SC 

NAVFACENGCOM  -  WEST  DD  .  102 ;  AROICC.  Contracts,  Twentynine  Palms  CA:  Code  018  Public  Works 
Div  San  Bruno,  CA;  Code  04B  San  Bruno.  CA;  Code  407  Design  Div.  San  Biuno  CA;  Library.  San  Bruno, 
CA;  O9P/20  San  Bruno,  CA;  RDT&ELO  Code  2011  San  Bruno.  CA:  Seattle  Br.  Silvcrdale.  WA 
NAVFACENGCOM  CONTRACTS  AROICC  MCAS  ELTORO;  AROICC  NAVSHYD.  Portsmouth.  NH; 
AROICC,  NAVSTA  Brooklyn,  NY;  AROICC.  Quantico,  VA;  Colts  Neck.  NJ:  Contracts.  AROICC. 

Lemoore  CA;  Dir.  Eng.  Div..  Exmouth,  Australia;  Dir.  of  Constr.  Tupman.  CA;  Eng  Div  dir.  Southwest 
Pac,  Manila.  PI;  NAS.  Jacksonville,  FL;  OICC  Mid  Pacific.  Pearl  Harbor  HI:  OICC.  Guam:  OICC.  Madrid. 
Spain;  OICC.  Southwest  Pac,  Manila.  PI;  OICC-ROICC.  NAS  Oceana.  Virginia  Beach.  VA:  OICC/ROICC. 
Balboa  Panama  Canal;  OICC/ROICC.  MCAS.  Cherry  Point,  NC;  OICC/ROICC.  Norfolk.  VA;  R40 
AROICC  Puget  Sound  Shpyd;  ROICC  AF  Guam;  ROICC  Code  495  Portsmouth  VA;  ROICC  Key  West  FL: 
ROICC  MCAS  El  Toro;  ROICC  PONAPE:  ROICC  Rota  Spain;  ROICC.  Adak.  AK;  ROICC.  Code  1042  2. 
Vallejo  CA;  ROICC,  Code  7002,  China  Lake  CA;  ROICC,  Diego  Garcia  Island:  ROICC.  Keflavik.  Iceland; 
ROICC,  NAS.  Corpus  Christi,  TX;  ROICC,  NAVBASE,  Phila.  PA;  ROICC.  Pacific.  San  Bruno  CA: 

ROICC,  Point  Mugu.  CA:  ROICC.  Yap;  ROICC-OICC-SPA.  Norfolk.  VA 
NAVINACTSHIPSTORFAC  PWO,  Orange  TX 

NAVMAG  PWD  -  Engr  Div,  Guam:  SCE.  Guam;  SCE,  Subic  Bay.  R.P. 

NAVMEDRSCHU  4  PWO.  Cairo  Egypt 
NAVOCEANO  Library  Bay  St.  Louis.  MS 

NAVOCEANSYSCEN  Code  4474  Bayside  Library.  San  Diego.  CA;  Code  5221  (R. Jones)  San  Diego  Ca:  Code 
6700,  San  Diego,  CA 

NAVORDMISTESTFAC  Fac  Supp  Div,  White  Sands  Missile  Range,  NM.  PW'D  -  Engr  Dir.  White  Sands.  NM 
NAVORDSTA  MDS-25.  Mfg  Tech  Dept  Louisville.  KY;  PWO.  Louisville  KY 
NAVPETOFF  Code  40,  Alexandria  VA 
NAVPGSCOL  Code  69  (T.  Sarpkaya).  Monterey  CA 

NAVPHIBASE  CO.  ACB  2  Norfolk,  VA:  Code  S4T,  Norfolk  VA:  Harbor  Clearance  Unit  Two.  Little  Creek. 

VA;  PWO  Norfolk.  VA;  SCE  Coronado,  SD.CA 
NAVRADRECFAC  PWO.  Kami  Seya  Japan 
NAVRADSTA  PWO  Jim  Creek.  Oso  WA 


NAVREGMEDCEN  Chief.  PW  Service  Philadelphia.  PA;  Code  3041.  Memphis.  Millington  TN.  PWD  -  Engr 
Div,  Camp  Lejeune.  NC;  PWO  Portsmouth.  VA;  PWO.  Camp  l.ejeune.  NC 
NAVREGMEDCEN  PWO.  Okinawa.  Japan 

NAVREGMEDCEN  SCE:  SCE  San  Diego.  CA.  SCE.  Camp  Lejeune  NC;  SCE.  Camp  Pendleton  CA 
NAVREGMEDCEN  SCE.  Great  Lakes  IL 

NAVREGMEDCEN  SCE.  Guam;  SCE.  Long  Beach  C'A;  SCE.  Newport.  RI;  SCE.  Oakland  CA 
NAVREGMEDCEN  SCE.  Yokosuka.  Japan 
NAVSAFEC'EN  NAS.  Norfolk.  VA 

NAVSCOLCECOFF  C'35  Port  Hueneme.  CA;  CO.  Code  C44A  Port  Hueneme.  CA 
NAVSCSOL  PWO.  Athens  GA 

NAVSEASYSCOM  Code  03314.  Wash.  D  C:  Code  05E1.  Wash.  DC;  SEA-070C.  Washington.  DC;  SEA05E1. 
Washington.  D  C. 

NAVSECGRUACT  Faeil.  Off..  Galeta  Is.  Panama  Canal;  PWO  Winter  Harhor  ME;  PWO.  Adak  AK;  PWO. 

Ed/ell  Scotland.  PWO.  Puerto  Rico;  PWO.  Skaggs  Is.  Sonoma  CA;  PWO.  Torri  Sta.  Okinawa 
NAVSECGRUC'OM  Code  G43.  Washington  DC 
NAVSECSTA  PWD  -  Engr  Div.  Wash..  DC 

NAVSHIPREPFAC  SCE  Subic  Bay;  SCE.  Guam;  SCE.  Yokosuka  Japan 

NAVSHIPYD  Bremerton.  WA  (Carr  Inlet  Acoustic  Range);  Code  134.  Pearl  Harhor.  HI;  Code  302.4.  Long 
Beach  CA;  Code  202.5  (Library)  Puget  Sound.  Bremerton  WA.  Code  3S0.  Portsmouth.  VA;  Code  382.3. 

Pearl  Harhor.  HI;  Code  400.  Puget  Sound:  Code  440  Portsmouth  NH:  Code  440.  Norfolk:  Code  440.  Puget 
Sound.  Bremerton  WA:  Code  440.1  (R.  Sehwinek),  Long  Beach.  C'A;  Code  444.  (Wgt  Handling  Engr) 
Philadelphia.  PA;  Code  457  (Maint.  Supr.)  Mare  Island.  Vallejo  C'A:  Commander.  Philadelphia.  PA;  L.D. 
Vivian:  LTJG  R.  Lloyd.  Vallejo  CA:  Library.  Portsmouth  NH:  PWD  (Code  420)  Dir  Portsmouth.  VA: 

PWD  (Code  450-HD)  Portsmouth,  VA;  PWD  (Code  457-HD)  Shop  07.  Portsmouth.  VA;  PWD  (Code  460) 
Portsmouth.  VA;  PWD  -  Asst  PWO.  Code  410.  Vallejo.  CA:  PWD  -  Engr  Div.  Code  44(1,  Vallejo.  CA: 

PWD  -  Utilities  Supt.  Code  003.  Long  Beach.  C'A;  PWO.  Bremerton.  WA:  PWO.  Mare  Is. :  PW'O. 

Portsmouth  NH;  PW'O.  Puget  Sound;  SCE.  Pearl  Harbor  HI;  Tech  Library.  Vallejo.  CA:  Utilities  &  Energy 
Cons.  Mgr  Code  108.1.  Pearl  Harbor.  III 

NAVSTA  CO  Roosevelt  Roads  PR  Puerto  Rico:  CO.  Brooklyn  NY:  Code  16P.  Keflavik.  Iceland:  Code  4.  12 
Marine  Corps  Dist.  Treasure  Is..  San  Francisco  CA:  Dir  Engr  Div.  PWD.  Mayport  FL;  Engr  Dir..  Rota 
Spain:  Long  Beach.  CA.  Maint.  Com.  Div  .  Guantanamo  Bay  Cuba:  Maint.  Control  Div..  Adak: 

Maintenance  Div..  Rota.  Spain:  PWD  (I.TJG.P.M.  Motolenieh).  Puerto  Rico:  PWD  ■  Engr  Dept.  Adak.  AK. 
PWD  -  Engr  Div.  Midway  Is.;  PWD  -  Engr.  Div,  Keflavik:  PWD.  Utilities  Div..  Guantanamo  Bay  Cuba; 
PWO,  Adak.  AK:  PWO.  Brooklyn  NY:  PWO.  Guantanamo  Bay  Cuba:  PWO.  Keflavik  Iceland:  PWO. 

Mavport  FL:  SCE  Guam:  SCE.  Pearl  Harbor  HI:  SCI  San  Diego  CA;  SCE.  Subic  Bay.  R.P.:  Utilities 
Engr  Off.  Rota  Spain 

NAN  SI  BASE  Code  23  iSlovvey)  Bremerton.  WA:  PWO 

NAN  SUPPAOT  PWO  Naples  Italy:  PWO.  Mare  Is..  Vallejo  CA:  PWO.  New  Orleans  LA 
NAVSITPFAC  PWD  •  Maint  Control  Div.  Ihurmont.  MD:  PWO.  Thurmont  MD 
NAVSUPPO  Security  Oftr.  Sardinia 

NAVSUR5  WPNCEN  PWO.  Dalvlgrcn  VA;  PWO.  White  Oak.  Silver  Spring.  MD 
NANTECH IRACEN  Code  N2I3  Orlando  FI  :  SCE.  Pensacola  FI 
NAVUSEAWARENGSTA  Engr  Div  (Code  ns3i  Key  port.  WA:  PWO.  Key  port  WA 
NAVWARCOL  Dir  of  Faeil..  Newport  RI 

NAVWPNCEN  Code  263b  China  Lake:  (  ode  3803  China  Lake.  CA:  PWO  ((  ode  2bh)  China  l  ake.  CA;  ROIC  ( 
(Code  7(12).  China  Lake  CA 

NAVWPNSTA  (Clehak)  Colts  Neck.  NJ:  (  ode  n<»2.  Colts  Neck  NJ:  Code  002.  Concord  CA:  Engrng  Div.  PWD 
Yorktovvn.  VA:  Maint  Control  Dir  .  Yorktown  VA 
NAVWPNSTA  PW  Office  Yorktown.  VA 

NAVWPNSTA  PW'D  -  Maint.  Control  Div  .  Concord.  CA;  PWD  •  Supr  Gen  Engr.  Seal  Beach.  CA:  PWO  Colts 
Neck.  NJ.  PWO,  Charleston.  SC:  PWO.  Seal  Beach  CA 
NAVWPNSUPP*  IN  Code  (W  Crane  IN:  F.NS  J  Wyman.  Crane  IN 
NAVY  PAO  CENTuR  Directory.  San  Diego,  CA 
NCBU  405  OIC.  San  Diego.  CA 
NCTC  Const.  Elec.  School.  Port  Flueneme.  CA 

NC  BC  CO.  Ciulfport  MS:  Code  10  Davisville.  RI.  Code  15.  Port  Hueneme  CA:  Code  155.  Port  Hueneme  CA; 
Code  156.  Port  Hueneme.  CA;  Code  4(HI.  Ciulfport  MS;  Code  43(1  (PW  Engrng)  Gulfport.  MS;  PWO  (Code 
80)  Port  Hueneme.  CA:  PWO  (Code  82).  Port  Hueneme  CA:  PWO.  Gulfport.  MS:  Port  Hueneme  CA 
NC  BU  411  OIC.  Norfolk  VA 
NCBU  416  OIC.  Alameda  CA 

NCR  20.  Code  R3I  Gulfport.  MS:  20.  Code  R70;  20.  Commander;  30.  Guam.  Commander 

NMCB  1.  CO;  I.  Code  S3E:  133.  CO;  3.  CO:  3.  SWC  D  Wellington:  4.  CO:  5.  CO;  62.  CO;  74.  CO;  74.  ENS 
Vcsely;  FIVE.  Operations  Dept;  Forty.  CO;  THREE.  Operations  Off. 

NOAA  Library  Rockville,  MD 

NRL  Code  5800  Washington.  DC:  Code  8441  (R.A  Skop),  Washington  DC 

NSC  Code  54.1  Norfolk.  VA;  Code  700  Norfolk.  VA;  Code  703  (J  Gammon)  Pearl  Harbor.  HI:  SCE  (Code 


70).  Oakland  CA.  SCE  Norfolk.  VA.  SCE  Pearl  Harbor.  HI.  SEE.  Charleston.  SC 
NSD  PWD  -  Engr  Die.  Guam;  SCE.  Subic  Bay.  R.P. 

NTC  OICC.  CBU-401.  Great  Lakes  IL:  SCE.  San  Diego  CA 
NTIS  Lehmann.  Springfield.  VA 

NUSC  Code  3(KN  (C’DR  O.  Porter)  Newport.  RI.  Code  412?  New  London.  CT;  Code  EA12?  (R.S.  Munn).  New 
London  CT;  Code  TAI?I  (G  De  h  Crur).  New  London  CT:  PWO  AUTEC  West  Palm  Bch  Det.  West  Palm 
Beach,  FL;  PWO  New  London.  CT;  PWO  Newport.  RI;  SB322  (Tucker).  Newport  RI 
OFFICE  SECRETARY  OF  DEFENSE  DASD  (l&ll)  1C  Pentagon;  OASD  (MRA&L)  Dir.  of  Energy. 

Pentagon.  Washington.  DC 

ONR  Central  Regional  Office.  Boston.  MA:  Code  485  (Silva)  Arlington.  VA:  Code  700F  Arlington  VA;  LCDR 
Williams.  Boston.  MA:  Nelson.  Arlington.  VA 
PACMISRANFAC  HI  Area  Bkg  Sands.  PWO  Kekaha.  Kauai.  HI 
PHIBCB  1  P&E.  San  Diego.  CA 

PWC  ACE  Office  Norfolk.  VA;  CO  Norfolk.  VA;  CO  Yokosuka.  Japan:  CO.  (Code  10).  Oakland.  CA:  CO, 
Great  Lakes  IL:  C'O.  Pearl  Harbor  III:  CO.  San  Diego  CA:  CO.  Subic  Bay.  R.P  :  Code  10.  Great  Lakes. 

1L;  Code  101.  San  Diego.  CA:  Code  105  Oakland.  CA:  Code  105.  Oakland.  CA;  Code  III),  Oakland.  CA: 
Code  120.  Oakland  CA:  Code  120.  San  Diego  CA;  Code  128.  Guam:  Code  154  (Library).  Great  Lakes,  IL; 
Code  200  (H.  Koubenec).  Great  Lakes  IL;  Code  200.  Great  Lakes  IL:  Code  2(Kt,  Guam:  Code  240.  Subic 
Bay.  R.P.:  Code  4(H).  Great  Lakes.  IL:  Code  4(H).  Oakland.  CA;  Code  4(H).  Pearl  Harbor.  HI:  Code  4(H). 

San  Diego.  CA;  Code  420.  Great  Lakes.  IL;  Code  420.  Oakland.  CA:  Code  420.  Pensacola.  FL:  Code  420. 
San  Diego.  CA;  Code  424.  Norfolk.  VA;  Code  5(H).  Great  Lakes.  IL:  Code  500.  Oakland.  CA:  Code  500, 

San  Diego.  CA:  Code  505A  Oakland.  C'A:  Code  600.  Great  Lakes.  IL:  Code  610.  San  Diego  Ca:  Code  7(H), 
Great  Lakes.  IL:  Code  7(H).  San  Diego.  CA:  Code  NIKI.  San  Diego.  C'A:  Library.  Code  I20C'.  San  Diego. 

CA:  Library.  Guam:  Library.  Norfolk.  VA:  Library.  Oakland,  CA:  Library.  Pearl  Harbor.  HI;  Library. 
Pensacola.  FL:  Library.  Subic  Bay.  R.P  ;  Library.  Yokosuka  JA:  Maim.  Control  Dept  (R.  Fujii)  Pearl 
Harbor,  HI:  Maint  Control  Dept.  Oakland  CA:  Production  Officer.  Norfolk.  VA;  Utilities  Officer.  Guam 
SPCC  PWD  -  Maint.  Control  Div.  Mcchanicsburg.  PA:  PWO  (Code  120)  Mechanicsburg  PA 
SUPANX  PWO.  Williamsburg  VA 
TVA  Solar  Group.  Arnold.  Knoxville.  TN 
UCT  ONE  OIC.  Norfolk.  VA 
UCT  TWO  OIC.  Port  Hueneme  CA 
AF  HO  USAFE  DEE.  Ramstein  GE 

U  S.  MERCHANT  MARINE  ACADEMY  Kings  Point.  NY  (Reprint  Custodian) 

US  FORCES.  JAPAN  Petroleum  Staff  Officer  Yokota  AH 

USAF  SCHOOL  OF  AEROSPACE  MEDICINE  Hyperbaric  Medicine  Div.  Brook-.  AFB.  TX 
USCG  (Smith).  Washington.  DC.  GT  OF  4  (T  Dowd).  Washington.  DC 
USCG  ACADEMY  Utilities  Section  New  London.  Cl 

USDA  Forest  Product'  Lab.  Madison  WL  Forest  Service  Reg  3  (R.  Brown)  Albuquerque.  NM:  Forest  Service 
Reg  6  Hendrickson.  Portland.  OR.  Forest  Service.  Bowers.  Atlanta.  GA:  Forest  Service.  Region  I. 

Missoula.  MI:  Forest  v  nice.  Region  4.  Ogden.  Cl;  Forest  Service.  Region  5.  San  Francisco.  CA:  Forest 
Service.  Region  l>.  Milwaukee.  Wl 

USNA  ENGRNG  Div.  PWD.  Annapolis  MU;  PWD  Suprt  Annapolis  MD;  PWO  Annapolis  MD:  USNA  SY'S 
ENG  DEPT  ANNAPOLIS  MD 
USS  FULTON  WPNS  Rep.  Offr  (W-3)  New  York.  NY 
WATER  &  POWER  RESOl  RC  ES  SERVICE  (Smoak)  Denver.  CO 
TENNESSEE  VALLEY  AUTHORITY  (Henshaw).  Knoxville.  TN 
AMERICAN  CONCRETE  INSTITUTE  Detroit  Ml  (Library) 

BERKELEY  PW  Engr  Div.  Harrison.  Berkeley.  CA 

CALIF  DEPI  OF  NAVIGATION  &  OCEAN  DEV  Sacramento.  ('A  (G.  Armstrong) 

CALIF  MARITIME  ACADEMY  Vallejo.  CA  (Library) 

C  ALIFORNIA  STATE  UNIVERSITY  Long  Beach.  CA  (Kendall) 

CLARKSON  COLL  OF  TECH  G.  Batson.  Potsdam  NY 

CORNELL  UNIVERSITY  Ithaca  NY  (Serials  Dept.  Engr  l  ib. I;  Ithaca.  NY  (Civil  <S  Environ.  Engr) 

DAMFS  &  MOORE  LIBRARY  LOS  ANGELES.  CA 
DUKE  UNIV  MEDICAL  C  ENTER  B  Muga.  Durham  NC 
UNIVERSITY  OF  DELAWARE  (Dr  S  Dexter)  l  ewcs.  DE 
HARVARD  UNIV.  Dept,  of  Architecture.  Dr  Kiut.  Cambridge.  MA 
INSTITUTE  OF  MARINE  SCIENC  ES  Morehcad  City  NC  (Director) 

WOODS  HOLE  OCEANOGRAPHIC  INS  I  Woods  Hole  VIA  (Wmuet) 

LEHIGH  UNIVERSITY  BETHLEHEM.  PA  (MARINE  GEOTECHNICAL  LAB  .  RIC  HARDS):  Bethlehem 
PA  (Lindcrman  Lih.  No. 30.  Elccksteiner) 

LOS  ANGELES  COUNTY  Qu.il  Cntrl  l  ab  Purch  &  Store.  Dept.  Cnv  ot  Commerce 
MAINE  MARITIME  ACADEMY  CAS  VINE.  ME  (LIBRARY) 

MICHIGAN  TECHNOLOGICAL  UNIVERSITY  Houghton.  Ml  (Haas) 

MIT  Cambridge  MA:  Cambridge  MA  I  Rm  1(1-500.  Lech  Reports.  Engr  l  ib  I 
NATURAE  ENERGY  EAB  Library.  Honolulu.  Ill 


I 


NEW  MEXICO  SOLAR  ENERGY  INST.  Dr.  Zwibel  Las  Cruces  NM 
NY  CITY  COMMUNITY  COLLEGE  BROOKLYN.  NY  (LIBRARY) 

OREGON  STATE  UNIVERSITY  (CE  DepI  Grace)  Corvallis.  OR;  CORVALLIS.  OR  (CE  DEPT.  HICKS); 
Corvalis  OR  (School  of  Oceanography) 

PENNSYLVANIA  STATE  UNIVERSITY  STATE  COLLEGE.  PA  (SNYDER) 

PORT  SAN  DIEGO  Pro  Eng  for  Port  Fac.  San  Diego.  CA 
PURDUE  UNIVERSITY  Lafayette.  IN  (CE  Engr.  Lib) 

SAN  DIEGO  STATE  UNIV,  I  Noorany  San  Diego,  CA 

SCRIPPS  INSTITUTE  OF  OCEANOGRAPHY  LA  JOLLA.  CA  (ADAMS);  San  Diego.  CA  (Marina  Phy.  Lab. 
Spiess) 

SEATTLE  U  Prof  Schwaegler  Seattle  WA 
STATE  UNIV.  OF  NEW  YORK  Buffalo.  NY 

TEXAS  A&M  UNIVERSITY  College  Station  TX  (CE  Dept.  Herbich);  W.B.  Ledbetter  College  Station.  TX 
UNIV  OF  MISSOURI  -  ROLLA  Dept  Mil  Sci,  Rolla.  MD 

UNIVERSITY  OF  CALIFORNIA  BERKELEY,  CA  (CE  DEPT.  GERWICK);  Berkeley  CA  (E.  Pearson); 

Berkeley  CA  (M.  Polivka)  Dept  of  CE;  DAVIS.  CA  (CE  DEPT.  TAYLOR) 

UNIVERSITY  OF  DELAWARE  Newark,  DE  (Dept  of  Civil  Engineering.  C'hesson) 

UNIVERSITY  OF  HAWAII  HONOLULU,  HI  (SCIENCE  AND  TECH.  DIV.) 

UNIVERSITY  OF  ILLINOIS  (Hall)  Urbana,  IL;  Metz  Ref  Rm,  Urbana  IL;  URBANA.  IL  (DAVISSON); 

URBANA.  IL  (LIBRARY);  Urbana  IL  (CE  Dept,  W.  Gamble) 

UNIVERSITY  OF  MASSACHUSETTS  (Heronemus).  ME  Dept.  Amherst.  MA 
UNIVERSITY  OF  NEBRASKA-LINCOLN  Lincoln.  NE  (Ross  Ice  Shelf  Proj.) 

UNIVERSITY  OF  PENNSYLVANIA  PHILADELPHIA.  PA  (SCHOOL  OF  ENGR  &  APPLIED  SCIENCE. 
ROLL) 

UNIVERSITY  OF  TEXAS  Inst.  Marine  Sci  (Library),  Port  Arkansas  TX 

UNIVERSITY  OF  TEXAS  AT  AUSTIN  AUSTIN.  TX  (THOMPSON);  Austin.  TX  (Breen) 

UNIVERSITY  OF  TEXAS  MEDICAL  BRANCH  Marine  Biomedical  Inst..  Galveston.  TX 

UNIVERSITY  OF  WASHINGTON  Dept  of  Civil  Engr  (Dr.  Mattock).  Seattle  WA;  Seattle  WA  (E.  Linger) 

VENTURA  COUNTY  PWA  (Brownie)  Ventura,  CA 

WESTERN  ARCHEOLOGICAL  CENTER  Library.  Tucson  AZ 

ALFRED  A.  YEE  &  ASSOC  Librarian.  Honolulu.  HI 

AMAX,  INC  New  Canaan,  CT  (G.  Bilek) 

AMETEK  Offshore  Res.  &  Engr  Div 

ARVID  GRANT  OLYMPIA,  WA 

ATLANTIC  RICHFIELD  CO.  DALLAS,  TX  (SMITH) 

AUSTRALIA  Alno.  USA  Meradcom  Ft.  Belvoir,  VA 
BABCOCK  &  WILCOX  CO.  Barberton  OH  (Tech.  Library) 

BECHTEL  CORP.  SAN  FRANCISCO.  CA  (PHELPS) 

BRUMUND-GOLDEN  ASSOCIATES  Atlanta.  GA 
CHEMED  CORP  Lake  Zurich  IL  (Dearborn  Chem.  Div. Lib.) 

COLUMBIA  GULF  TRANSMISSION  CO.  HOUSTON.  TX  (ENG.  LIB.) 

CONTINENTAL  OIL  CO  O.  Maxson,  Ponca  City,  OK 
DILLINGHAM  PRECAST  F.  McHale.  Honolulu  HI 
DRAVO  CORP  Pittsburgh  PA  (Wright) 

EVALUATION  ASSOC.  INC  KING  OF  PRUSSIA,  PA  (FEDELE) 

EXXON  PRODUCTION  RESEARCH  CO  Houston.  TX  (Chao) 

FURGO  INC.  Library,  Houston,  TX 

GENERAL  DYNAMICS  Elec.  Boat  Div.,  Environ.  Engr  (H.  Wallman).  Groton  CT 
GLIDDEN  CO.  STRONGSVILLE,  OH  (RSCH  LIB) 

GOULD  INC.  Tech  Lib,  Ches  Instru  Div  Glen  Burnie  MD 
GULF  COAST  RSCH  LAB.  OCEAN  SPRINGS,  MS  (LIBRARY) 

HALEY  &  ALDRICH,  INC.  Cambridge  MA  (Aldrich,  Jr.) 

NUSC  Library.  Newport,  RI 

KENNETH  TATOR  ASSOC  CORAOPOLIS,  PA  (LIBRARY) 

LIN  OFFSHORE  ENGRG  P.  Chow,  San  Francisco  CA 

LOCKHEED  MISSILES  &  SPACE  CO.  INC.  Dept  57-22  (Rynewicz)  Sunnyvale.  CA 
MARATHON  OIL  CO  Houston  TX 

MARINE  CONCRETE  STRUCTURES  INC.  MEFAIRIE,  LA  (INGRAHAM) 

MCDONNEL  AIRCRAFT  CO.  (Fayman)  Engrng  Dept.,  St.  Louis.  MO 
MOBIL  PIPE  LINE  CO  DALLAS.  TX  MGR  OF  ENGR  (NOACK) 

MOFFATT  &  NICHOL  ENGINEERS  (R.  Palmer)  Long  Beach.  CA 
MUESER.  RUTLEDGE,  WENTWORTH  AND  JOHNSTON  New  York  (Richards) 

NEWPORT  NEWS  SHIPBLDG  &  DRYDOCK  CO  Newport  News  VA  (Tech.  Lib.) 

PORTLAND  CEMENT  ASSOC.  SKOKIE.  IL  (CORLEY;  SKOKIE.  IL  (KLIEGER);  Skokie  IL  (Rsch  &  Dev 
Lab.  Lib  ) 


RAYMOND  INTERNATIONAL  INC.  E  Colie  Soil  Tech  Depr,  Pennsauken.  NJ;  J.  Welsh  Soiltech  Dept. 
Pennsauken.  NJ 

SCHUPACK  ASSOC  SO.  NORWALK,  CT  (SCHUPACK) 

SEAFOOD  LABORATORY  MOREHEAD  CITY,  NC  (LIBRARY) 

SHELL  OIL  CO.  HOUSTON.  TX  (MARSHALL);  HOUSTON.  TX  (WARRINGTON) 

3  M  Technical  Library.  St.  Paul.  MN 

TEXTRON  INC  BUFFALO.  NY  (RESEARCH  CENTER  LIB.) 

TIDEWATER  CONSTR.  CO  Norfolk  VA  (Fowler) 

TILGHMAN  STREET  GAS  PLANT  (Sreas).  Chester.  PA 
UNION  CARBIDE  CORP.  R.J.  Martell  Boton.  MA 
UNITED  KINGDOM  LNO.  USA  Meradcom,  Fort  Belvoir.  VA 

WESTINGHOUSE  ELECTRIC  CORP.  Annapolis  MD  (Oceanic  Div  Lib.  Bryan);  Library.  Pittsburgh  PA 

WEYERHAEUSER  CO.  (Fortman)  Tacoma.  WA 

WISS,  JANNEY.  ELSTNER.  &  ASSOC  Northbrook,  IL  (D.W.  Pfeifer) 

WOODWARD-CLYDE  CONSULTANTS  (Dr.  R.  Dominguez),  Houston.  TX;  PLYMOUTH  MEETING  PA 
(CROSS.  Ill) 

BRAHTZ  La  Jolla.  CA 

BULLOCK  La  Canada 

DOBROWOLSKI,  J.A.  Altadena,  CA 

ERVIN.  DOUG  Belmont,  CA 

GERWICK,  BEN  C.  JR  San  Francisco.  CA 

LAYTON  Redmond,  WA 

L.P.  UNDERSEA  San  Antonio.  TX 

R.F.  BESIER  Old  Saybrook  CT 

BROWN  &  CALDWELL  Saunders.  E.M./Oakland.  CA 

SMITH  Gulfport,  MS 

T.W.  MERMEL  Washington  DC 

WRIGLEY  Salem  MA 


